This study asks how market orientation influences returns to R&D investment and firm capability to benefit from external technology opportunities. China's semiconductor industry is characterized by two segments with very different market orientation: a domestically focused one with lagged technology and an internationally focused one employing advanced technology. We find firms in the global-oriented segment have higher returns to R&D investment than those in the domestic-oriented segment. But a firm's participation in export is negatively related to the spillover from external R&D resources, indicating a dominating competition effect.
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Introduction
As manufacturing networks are expanding globally, R&D functions are increasingly moving offshore as well. While this trend remains at an early stage in comparison with manufacturing, its implications for firms and countries may be even more far-reaching. In this study we examine how firms respond to technology opportunities when they have different market orientations and confront different competitive challenges.
We choose China's semiconductor industry as the context of the study because the industry has been active in technology advancement and in recent years has witnessed a surge in the number of companies starting up operations within China and supplying the global market. Some of these operations are local subsidiaries of Western firms. Others have been formed by overseas Chinese entrepreneurs bringing with them a wealth of experience, know-how and contacts. Still others are indigenous (Chesbrough 2005 ). The entrants form a different segment of the industry from the existing firms, most of them state-owned operating on obsolete equipment and supplying domestic market. We take advantage of this firm-level heterogeneity to investigate whether different market orientation and firm capability lead to different returns to R&D investment and spillover effects from external R&D resources.
Existing research have found evidence that in-house R&D effort facilitates the absorption of external knowledge (Cohen and Levinthal 1990) , both in developed countries and in developing countries (Blalock & Gertler, 2005b) . While existing literature suggests that exporting is associated with productivity improvement (Blalock & Gertler 2004) , it is not clear through what channels the exporting firms improve efficiency. As for the impact of multinational or foreign direct investment on host country firms, previous studies have found mixed result (Tybout 2000) . While multinationals investing overseas are believed to carry superior technology and management know-how (Markusen & Venables 1999) , whether host country firms benefit from such external resources depends on many factors including technology gap, industrial linkage (Javorcik 2004) , geographic distance from knowledge source (Keller 2002 , Liang 2007 , market competition (Aitken & Harrison, 1999 , Hu & Jefferson 2002 , etc.
We will contribute to the existing literature by exploring the heterogeneity of firms, namely, the difference between the global-oriented segment and the domestic-oriented segment, and investigate how the two segments respond differently to the competition and opportunities brought about by the foreign firms. We examine these questions empirically using detailed firm level data on operation, finances, personnel, and R&D activities. The data mainly come from national enterprise surveys that cover all the large and medium sized firms, conducted by the National Bureau of Statistics of China. These are the most comprehensive data sets of the country on the topics we are interested in and have been used in previous researches on China's firms. For example, Hu and Jefferson (2002) study the impact of foreign investment on domestic firms' productivity in textile and electronic industry. Hu, Jefferson, and Qian (2005) examine the technology transfer and R&D activities of Chinese firms and how foreign investment influence the technology activities and domestic firms' productivity.
We find firms in the global-oriented segment have larger returns to R&D investment than those in the domestic-oriented segment, and receive larger positive spillovers from R&D investment made by multinational firms, although the effect is only marginally significant.
As a firm's export ratio increases, the spillover effect from external R&D investment is reduced, indicating a dominating competition effect. We find little evidence that in-house R&D effort facilitate absorption of external R&D resources in the semiconductor industry, although this is the case in manufacturing sectors overall.
In section 2 we discuss existing literature and develop hypotheses. Section 3 describes the data, measurement, and empirical model. Section 4 presents results. Section 5 concludes and discusses future research.
Literature review and hypotheses
Policy makers hold the belief that globalization brings about technology opportunities and management know-how to the host countries. This happens when domestic firms are exposed to internationally competitive market when they engage in exporting, or when multinational corporations invest in the country and bring with them advanced technology. However, whether domestic firms benefit from these exposures remains an open question in empirical research. The mixes result is attributed to firm heterogeneity that influences the ability to absorb and utilize knowledge resources (Tybout 2000) .
Among these heterogeneities are firms' absorptive capacity, market orientation, technology gap from knowledge source, etc. In this study we focus on the effect of market orientation and firm absorptive capacity.
Technology and know-how can be transferred between firms directly via licensing and alliances, or indirectly via personnel turnover or imitation as firms are exposed to new products, production and marketing techniques. To benefit from this exposure, however, the recipient must share similar market and product requirement to utilize the "spillovers" from the knowledge source. On the other hand, when sharing the same market sector, domestic firm that are lagged behind multinationals might receive negative spillovers, as their market share and production are reduced, especially in the short run (Aitken & Harrison, 1999) .
Previous studies have found evidence of positive spillover from foreign invested firms in the same industry in developed countries such as the United States (Keller and Yeaple 2003) and United Kingdom (Haskel 2002; Liu et al. 2000) , but there is little evidence of horizontal spillovers from foreign invested firms to domestic firms in developing countries (Aitken and Harrison 1997; Blalock and Gertler 2005a; Javorcik 2004 ). One of the major reasons, as suggested by Chesbrough (2005) in the study on China's semiconductor industry, domestic firms and foreign firms might produce for different markets: most domestic firms supply local market with low demand on quality and product specifications, while multinationals produce for the international market with higher demand on product quality. The difference in market orientation and requirement on product and technology offers little incentive and channel of technology spillover for the domestic firms to catch up.
On the other hand, when domestic firms produce for the exporting market, they are exposed to demanding customers and competition in the international production network, thus the incentive and channels to absorb external technology knowledge. Based on the existing theory, we hypothesize that: Firms' absorptive capacity, the capability to recognize and adopt the new technology or management skills from others, might also impact whether they benefit from spillovers (Cohen and Levinthal 1990) . Absorptive capacity is generally measured with firm's previous experience and investment in research and development and human capital (Blalock and Gertler 2005b) . Higher absorptive capacity is believed to lead to better adaptation to changing technology environment and exploitation of the opportunities (Zahra & George 2002, Todorova and Durisin, 2007 ). China's semiconductor industry is characterized by a rapidly changing landscape as multinationals enter the market with cutting-edge technology. We expect firms with higher existing knowledge capital to benefit more from the external knowledge. As for the return to in-house R&D capital, we expect export-oriented firms to utilize their knowledge asset more efficiently, thus enjoy higher returns to their R&D capital.
Hypothesis 3. Globally-oriented firms have higher returns to in-house R&D capital than domestic-focused firms.
Data, measurement, and empirical strategy
Background: semiconductor industry in China
It is widely acknowledged that the market for China's semiconductor industry is growing very rapidly in recent years. The Chinese government was offering substantial incentives to lure foreign investment into the country, particularly in the foundries building products.
Meanwhile many Chinese engineers and technicians returning from overseas were providing substantial human capital to enterprises in China.
In an in-depth study, however, Chesbrough (2005) finds that the Chinese semiconductor industry is far from a uniform sector. Instead it is made of two distinct industry segments sharing a common SIC code. The first segment is strong, vibrant, and globally competitive. The Chinese government has been aggressive in providing attractive incentives for foreign investment and thus encouraged a surge of entrants. This new competitive sector possesses substantial industry experience, largely provided by experienced personnel returning from the US, and experienced executives and engineering from Taiwan. It possesses some highly advanced technology, with three 12" fabs already built, and attracting capital from Taiwan, the US, and Europe to finance the construction of these highly expensive facilities.
Meanwhile there is a second industry segment that is far different in every respect from the first. This second segment is comprised of formerly state owned enterprises (SOEs) that lack the money, the talent, and the basic management processes to compete on the global stage. These companies are employing rather obsolete equipment and inferior technology, and they are serving a largely domestic market whose requirements are far different from those of the global market. They are starved for investment funds, they lack significant management experience in a market economy, and they are constrained in their employment relations with the people they have. The government remains the largest shareholder of these companies. Since China's domestic market is distinct from the world market, not only in the costs and price of products, but also in the formats and standards that the world market requires, firms supplying the two markets face different challenges and opportunities.
Multinationals (MNCs) investing in China to date have utilized their China operations to gain access to the China market, and to establish an export platform to the rest of the world. These twin activities have been quite distinct owing to the market differences noted above, thus reduce the synergies between the activities for the MNCs.
In this study we investigate the technology spillover effects from external industry R&D capital, and the return to firms' own R&D capital in the two segments of the industry. We partition the industry into a "domestic segment" made of firms with export ratio lower than 50%, and a "global segment" with export ratio of 50% or higher 1 . The means of export ratio for the two segments are 11% and 88%, respectively ( Table 2 ). The distribution of export ratio shows a clear dividing pattern (Figure 2 ): there are two concentrations of export ratio, one near 10% and the other near 90%.
Data
The data used in this study is based on the 1998- National Bureau of Statistics collect the data through a self-report system, and monitor data quality by conducting random checks on reporting enterprises 2 . The data set include variables on firms' production, output, value-added, capital, labor, investment, and expenditure and personnel in R&D activities. The data has been used in previous studies on China's industrial enterprises. For example, Hu and Jefferson (2002) find that foreign investment have both technology spillover effects and market squeezing effects on domestic firms in textile and electronic industry. Hu, Jefferson, and Qian (2005) find a complementary relationship between in-house R&D activities and external expenditure on purchasing technology.
Productivity Estimation
To examine the return to R&D capital and spillovers, we use an approach similar to previous literature and estimate the following Cobb-Douglas production function:
( 
Yit stands for real output in 1998 price of firm i at time t, as reported as industrial output, or revenue, in the original data set, deflated by output price index at 2-digit industry level.
Cit is capital defined as the net fixed asset average balance, deflated by fixed asset investment price index at province level. Lit is labor input measured by total A set of control variables Zit are included in the regression. The analysis needs to address the omission of unobserved variables, such as firm-specific factors unknown to the researcher but known to the firm that may affect the relation between firm productivity and R&D investment. Examples of these unobserved variables include a pre-existing efficient R&D department, newer equipment, macroeconomic shocks such as exchange 3 Both labor and capital are adjusted for double counting of R&D capital by subtracting R&D employment from employment, subtracting an "R&D capital stock" constructed from the equipment investment component of R&D expenditure from the capital stock, following Hall and Mairesse (1995) and Schankerman (1981) . The estimation result is qualitative similar before and after the adjustment. The coefficients of return to R&D slightly are larger after adjustment, but not statistically more significant. 4 The annual growth rate of 3% is based on the sample mean of the data set we use for this study. The growth rate is often assumed to be 5% in previous research, including Hall and Mairesse (1995) , Jefferson 2004 . 5 Ideally we should use an R&D deflator based on R&D personnel wage index and expenditure index (Mansfield 1987) , but such information is not yet available to us for the NBS data set. Hall and Mairesse (1995) suggest that using industry output index does not bias the coefficient on return to R&D severely. rate fluctuation, etc. Firm fixed effects αi and year fixed effects αt are included in the regression to remove these unobserved effects.
The control variables also include export ratio and a dummy variable for any export in that year. Previous studies suggest a positive correlation between firm productivity and export activities (Blalock and Gertler 2004; Hallak and Sivadasan 2006) in the developing country context because overseas customers may have higher demand on product quality and on-time delivery, and prompt exporting firms to improve productivity.
Such effects are firm-time specific and cannot be removed by fixed effects, therefore export ratio defined as export divided by sales is included in the regression. Because a large number of firms report zero export in the sample, a dummy variable indicating that a firm is involved in export activities in a certain year is also included. It is defined as one if a firm reports positive value of export in a certain year. We also include interactive terms of export ratio with own R&D capital. Table 1 shows summary statistics of all the firms in semiconductor industry. Table 2 shows the statistics of the two segments. It can be seen that firms in the global segment have larger outputs, are more capital intensive, and have larger share of foreign ownership. But domestic segment have large R&D capital stock, higher R&D expenditure intensity, and higher profit.
Results
According to Hypothesis 1, a positive coefficient of the interactive term of export ratio and external R&D capital indicates positive relationship between global market orientation and spillover effects from external R&D resources. According to Hypothesis 2, a positive coefficient of the interactive term of firms' own R&D capital and external R&D capital indicates that a firm's absorptive capacity facilitates reaping benefit from outside technology opportunities. Hypothesis 3 predicts that firms in the global segment have higher returns to R&D capital than firms in the domestic segment.
The estimation results for semiconductor industry are in Table 4 -9. The results for all manufacturing firms are in Table 10 and Table 11 . In all these tables, we compare the estimation result on all the firms and that on R&D performers, i.e. firms with positive R&D capital. Because in-house R&D capital is highly correlated with external R&D capital, and adding the interactive term of the two causes big swing of estimated coefficients of the returns, we present the results with and without the interaction separately. Table 4 -7 present results without the interactive term. In these tables external R&D capital are defined as total 3-digit SIC industry sector R&D capital, foreign R&D capital, R&D capital in the global segment, and in the domestic segment, respectively. Table 8 and Table 9 present results with the interactive term. Table 10 and Table 11 present result for all manufacturing firms with and without the interactive term respectively.
In semiconductor industry, Hypothesis 3 is partially supported by the result, but Hypothesis 1 and 2 are not. In Table 4 -9, we find the return to in-house R&D capital is near zero for firms in both segments, but much larger for firms with positive R&D capital stock, although the coefficient is not significant or only marginally significant. In most of these specifications, R&D performers in the semiconductor industry have a 5% return on R&D capital; for R&D performers in the global segment, the return is 15%; in the domestic segment, the return is 3%. The scale of the return is consistent with findings in previous studies. For example, Hall and Mairesse (1995) find a return rate of 5% on R&D capital in the within estimation using data of French manufacturing firms in 1980s; Hu and coauthors (2005) find the return to in-house R&D capital to be 3-5% in a crosssectional estimation using data on manufacturing firms in China from 1995 to 1999.
We find little evidence of spillover from external R&D stock. The coefficient of the return to external R&D capital is near zero and not significant or negative in most of the model specifications, except that we find positive spillover effects between the two segments, as in Table 6 , Column 5-6, and Table 7 , Column 3-4. This might indicate the firms in the two segments are actually learning from each other as they encroach into each other's turf.
The coefficient of the interactive term of export ratio and external R&D capital is near zero or negative in most models, contrary to the prediction of Hypothesis 1. This might result from the competition effect suggested by Aitken and Harrison (1999) . As firms are more involved in the global market, the short term market stealing effect might dominate the positive spillover effect from the competing firms.
The coefficient of the interactive term of in-house and external R&D capital is near zero in most of the specifications. This might indicate that firms' own R&D capability has little impact on the absorption of external technology resources in the semiconductor industry.
From the estimation results of all manufacturing firms, we find a positive return to inhouse R&D capital and positive spillovers from external R&D capital (Table 10 ). The return to in-house R&D is 0.1% for all firms, and 2% for R&D performers (Table 10, Column 2 and 4). The return to external R&D is 1.3% and the return to external R&D from foreign invested firms is 0.6%. We also find a positive coefficient for the interactive term of in-house R&D and external R&D (Table 11 ). This suggests firms own R&D investment might facilitate spillovers in general, although the evidence is thin in semiconductor industry. Similar to the result in semiconductor industry, the interactive term of export ratio and external R&D is negative, indicating a market stealing effect dominating spillover effect.
Conclusion and discussion
This study utilizes detailed industry and firm information in the semiconductor industry of China to investigate how firms respond to technology opportunities when they have different market orientation and resources. We find that firms in the globally-focused segment enjoy a higher return to R&D investment than those in the domestic segment.
Despite the rapid change of industry environment and technology landscape, we find little evidence of technology spillover within the industry. Although there is evidence that China's manufacturing firms overall benefit from external R&D resources and the positive spillover effect is enhanced by in-house R&D investment.
This finding is not very surprising given previous research on the topic in general and on this industry in particular. Firms with advanced technology and management skills might implement measures to prevent knowledge leakage to local competitors, such as paying higher wages to employees to prevent turnover. In addition, domestic firms may have limited absorptive capacity to recognize and adopt the new technology or management skills from the multinationals. These factors prevent domestic firms from reaping the benefit of technology spillovers through the channels of personnel turnover and imitation.
Multinational corporations might have also been careful to partition their technology deployment so that individual portions of a system are built in the host country, but the overall systems integration resides elsewhere, in a region with much stronger intellectual Several issues remain to be solved in this study. We did not address selection bias in R&D investment -R&D performing firms are expected to have higher capability to reap the outcome from R&D activities. We will deal with this issue using a simultaneous equation system in the next step. We will also examine the spillover effects from linked industry sectors. Notes: Robust clustered standard errors in parentheses. The error terms are corrected for clustering for each firm. All the regressions include firm fixed effects and year dummies. The dependent variable is log output in 1998 price. The right-hand side variables include capital stock, labor, and materials in log terms deflated to 1998 price, adjusted for double-counting of R&D stock by subtracting R&D capital stock from capital, and R&D staff from labor. All the regressions exclude upper 1% outliers of capital, labor and material. R&D performers are those firm-year observations with positive R&D stock. *, **, *** significant at 10%, 5%, and 1% level. Notes: Robust clustered standard errors in parentheses. The error terms are corrected for clustering for each firm. All the regressions include firm fixed effects and year dummies. The dependent variable is log output in 1998 price. The right-hand side variables include capital stock, labor, and materials in log terms deflated to 1998 price, adjusted for double-counting of R&D stock by subtracting R&D capital stock from capital, and R&D staff from labor. All the regressions exclude upper 1% outliers of capital, labor and material. R&D performers are those firm-year observations with positive R&D stock. *, **, *** significant at 10%, 5%, and 1% level. Notes: Robust clustered standard errors in parentheses. The error terms are corrected for clustering for each firm. All the regressions include firm fixed effects and year dummies. The dependent variable is log output in 1998 price. The right-hand side variables include capital stock, labor, and materials in log terms deflated to 1998 price, adjusted for double-counting of R&D stock by subtracting R&D capital stock from capital, and R&D staff from labor. All the regressions exclude upper 1% outliers of capital, labor and material. R&D performers are those firm-year observations with positive R&D stock. *, **, *** significant at 10%, 5%, and 1% level. Notes: Robust clustered standard errors in parentheses. The error terms are corrected for clustering for each firm. All the regressions include firm fixed effects and year dummies. The dependent variable is log output in 1998 price. The right-hand side variables include capital stock, labor, and materials in log terms deflated to 1998 price, adjusted for double-counting of R&D stock by subtracting R&D capital stock from capital, and R&D staff from labor. All the regressions exclude upper 1% outliers of capital, labor and material. R&D performers are those firm-year observations with positive R&D stock. *, **, *** significant at 10%, 5%, and 1% level. Notes: Robust clustered standard errors in parentheses. The error terms are corrected for clustering for each firm. All the regressions include firm fixed effects and year dummies. The dependent variable is log output in 1998 price. The right-hand side variables include capital stock, labor, and materials in log terms deflated to 1998 price, adjusted for double-counting of R&D stock by subtracting R&D capital stock from capital, and R&D staff from labor. All the regressions exclude upper 1% outliers of capital, labor and material. R&D performers are those firm-year observations with positive R&D stock. *, **, *** significant at 10%, 5%, and 1% level. Notes: Robust clustered standard errors in parentheses. The error terms are corrected for clustering for each firm. All the regressions include firm fixed effects and year dummies. The dependent variable is log output in 1998 price. The right-hand side variables include capital stock, labor, and materials in log terms deflated to 1998 price, adjusted for double-counting of R&D stock by subtracting R&D capital stock from capital, and R&D staff from labor. All the regressions exclude upper 1% outliers of capital, labor and material. R&D performers are those firm-year observations with positive R&D stock. *, **, *** significant at 10%, 5%, and 1% level. Notes: Robust clustered standard errors in parentheses. The error terms are corrected for clustering for each firm. All the regressions include firm fixed effects and year dummies. The dependent variable is log output in 1998 price. The right-hand side variables include capital stock, labor, and materials in log terms deflated to 1998 price, adjusted for double-counting of R&D stock by subtracting R&D capital stock from capital, and R&D staff from labor. All the regressions exclude upper 1% outliers of capital, labor and material. R&D performers are those firm-year observations with positive R&D stock. *, **, *** significant at 10%, 5%, and 1% level. Notes: Robust clustered standard errors in parentheses. The error terms are corrected for clustering for each firm. All the regressions include firm fixed effects and year dummies. The dependent variable is log output in 1998 price. The right-hand side variables include capital stock, labor, and materials in log terms deflated to 1998 price, adjusted for double-counting of R&D stock by subtracting R&D capital stock from capital, and R&D staff from labor. All the regressions exclude upper 1% outliers of capital, labor and material. R&D performers are those firm-year observations with positive R&D stock. *, **, *** significant at 10%, 5%, and 1% level. Note: All the correlations are significant at 1% level.
